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Description

The present invention relates to a dry-etching
method utilizing a photochemical reaction, and an
apparatus therefor.

IC patterns are recently being micronized and
some frial products with a minimum pattern size on
the order of 1 to 2 um, or even submicrons have
been developed. Plasma etching is indispensable
for such micropatterning. In a conventional plasma
etching apparatus, a reactive gas such as CF; is
supplied to a chamber having parallel plate elec-
trodes, and 13.56-MHz RF power is supplied
across the electrode having a wafer thereon. A
glow discharge occurs between the electrodes fo
generate a plasma. Positive ions in the plasma are
accelerated by a cathode voltage drop, and the
accelerated positive ions bombard the surface of
the wafer to perform plasma etching. This etching
technique is called reactive ion etching (RIE) and
plays a major role in state-of-the-art micropatter-
ning.

According to this technique, however, since the
wafer to be efched is placed in the plasma, the
following radiation damage occurs: the oxide film is
damaged by charged particles such as ions and
electrons, a threshold voltage of the resultant ele-
ment is shifted by a soft X-ray, traps are formed in
the oxide film, metal impurities from the inner wall
surface of the chamber are introduced, and the
like. Such radiation damage often results in de-
cisive failures of VLSIs. Demand has arisen for
developing an etching technique free of radiation
damage.

Many conventional etching techniques, free of
radiation damage, have been reported. Typical ex-
amples are anisotropic etching of Si or poly-Si by
an atomic F beam having kinetic energy generated
by a gas temperature in the glow discharge (e.g.,
H. Akiya, Proc. 3rd. Symp. on Dry Processes, P.
119 (1981)), and etching using laser or ultraviolet
light (e.g., T.J. Chuang, J. Chem. Phys. 74, 1453
(1981); and H. Okano, T. Yamazaki, M. Sekine and
Y. Horiike, Proc. of 4th Symp. on Dry Processes, P.
6 (1982)). Thus, possible non-damaging anisotropic
etching techniques have been proposed.

According to extensive studies of the present
inventors, it was found that the same effect as in
ion-assist etching (e.g., JW. Coburn and H.F. Win-
ters, J. Appl. Phys. 50, 3189 (1979)) was obtained
by poly-Si etching in a C12> atmosphere upon radi-
ation of an ultraviolet ray emitted from an Hg-Xe
lamp (e.g., H. Okano, T. Yamazaki, M. Sekine and
Y. Horiike, Proc. of 4th Symp. on Dry Processes, P.
6 (1982)). In other words, the etching reaction on
the irradiated surface was greater than that of a
non-irradiated surface. This effect is typically ob-
served in undoped poly-Si, single crystal Si and p-
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type boron-doped Si. In addition, such an effect
can also be observed in n+-type poly-Si, or in Mo,
W, Ta or their silicides.

However, according to the above method, the
following problem is presented. Reactive gas radi-
cals dissociated in the gas phase propagate under
a mask, and light is slightly scattered from the
etching surface. In this case, the region under the
mask is etched, i.e., an undercut occurs. In particu-
lar, when the etching mask comprises a photoresist
mask, the mask is transparent to light, and light
irradiates under the resist mask. As a result, an
undercut tends to form. The undercut is the major
cause preventing micropatterning of the element,
resulting in a decisive drawback for VLSIs.

The following recent RIE studies have been
reported. Side etching is prevented (e.g., C.J.
Mogab and H.J. Levinstein, J. Vac. Sci. Technol.
17, 721 (1980)) by rebonding Ct radicals as an
etchant and CF; radicals, derived from C,Fg, as an
additive gas. Various unsaturated monomers such
as decomposites of the resist and discharge pro-
ducts are attached to the eiched wall surface fo
prevent bombardment by the etchant (e.g., R.H.
Bruce and G.P. Malafsky, E.C.S. Meeting, Abs. No.
288, Denver, (1981); or T. Yamazaki, H. Okano and
Y. Horiike, 30th Appl. Phys. Prec., Spring Commit-
tee, 1983).

EP-A-0127188 A1 is relevant under Articles 54-
(3) and (4) of the European Patent Convention. This
document discloses, in Figure 8, a dry-efching ap-
paratus having a vacuum chamber in which there is
disposed a substrate and which is provided with
evacuating means. Means are provided for irradiat-
ing light substantially perpendicularly with respect
to a surface of a portion of the substrate to be
etched. Means are provided for supplying an efch-
ing gas to the vacuum chamber. Means are pro-
vided for supplying a film formation gas to the
vacuum chamber and gas exciting means are pro-
vided within the means for supplying the film for-
mation gas to excite that gas prior fo its reaching
the vacuum chamber.

It is an object of the present invention to pro-
vide a dry-etching apparatus, wherein radiation
damage and undercutting of a substrate to be
etched can be suppressed.

It is another object of the invention to attain
micropatterning and a high integration density of
semiconductor devices.

According to one aspect of the present inven-
tion, there is provided a dry-etching apparatus,
comprising: a vacuum chamber with a substrate for
etching disposed therein; means for supplying an
etching gas to said vacuum chamber; means for
evacuating said vacuum chamber; means for irra-
diating light or an X-ray substantially perpendicu-
larly with respect to a surface of a portion of the
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substrate to be etched; means for supplying a film
formation gas to said vacuum chamber; and gas
exciting means for exciting the etching gas in a
chamber other than the chamber in which the sub-
strate is disposed for etching, which is connected
fo said etching gas supplying means; said vacuum
chamber being provided with a light or X-ray trans-
mission window, and means for spraying an inert
gas onto a surface of said window facing to the
interior of said vacuum chamber.

According to another aspect of the present
invention, there is provided a dry-etching appara-
tus, comprising: a vacuum chamber with a sub-
strate for etching disposed therein; means for sup-
plying an etching gas to said vacuum chamber;
means for evacuating said vacuum chamber;
means for irradiating light or an X-ray substantially
perpendicularly with respect to a surface of a por-
tion of the substrate to be etched; means for sup-
plying a film formation gas fo said vacuum cham-
ber; and gas exciting means for exciting the etch-
ing gas in a chamber other than the chamber in
which the substrate is disposed for etching, which
is connected to said etching gas supplying means;
said light or X-ray radiation means being provided
with means for differential evacuation so that gas in
the radiation means will not mix with gas in the
vacuum chamber.

According to a further aspect of the present
invention, there is provided a dry-etching appara-
tus, comprising: a vacuum chamber with a sub-
strate for etching disposed therein; means for sup-
plying an etching gas to said vacuum chamber;
means for evacuating said vacuum chamber;
means for irradiating light or an X-ray substantially
perpendicularly with respect to a surface of a por-
tion of the substrate to be etched; means for sup-
plying a film formation gas fo said vacuum cham-
ber; and gas exciting means for exciting the etch-
ing gas and/or the film formation gas in a chamber
other than the chamber in which the substrate is
disposed for etching, which is connected to at least
one of said etching gas supplying means and said
film formation gas supplying means; said vacuum
chamber being provided with a nozzle for com-
monly supplying the light or X-ray, and the efching
and film formation gases to said vacuum chamber.

The present invention is based on utilization of
a competitive reaction of etching and film forma-
tion. The reaction gas itself is not directly supplied
to the chamber having the substrate therein, but,
rather, active species (active species of the film
formation gas or of both the etching and film for-
mation gases) generated by a chamber different
from the vacuum chamber are introduced.

According to the present invention, etching can
be performed by selecting a reaction gas (i.e., the
etching gas) and a deposition gas. Since at least
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one of the gases is excited and then supplied fo
the vacuum chamber, charged particles are not
used; but the substrate can be selectively etched,
with high efficiency, upon radiation of light or X-
rays. For this reason, etching can be performed
without damage. The present invention is very ad-
vantageous in semiconductor device fabrication.
Furthermore, anisotropic etching can be performed
by utilizing a competitive reaction of etching and
film formation. As a result, micropatterning and a
high packing density of a semiconductor device
can be achieved.

This invention can be more fully understood
from the following detailed description when taken
in conjunction with the accompanying drawings, in
which:

Fig. 1 is a schematic diagram showing a dry-
etching apparatus according to a first embodi-
ment of the present invention;

Figs. 2A to 2C are, respectively, sectional views
explaining etching steps;

Fig. 3 is a schematic diagram showing a dry-
etching apparatus according to a second em-
bodiment of the present invention;

Fig. 4 is a schematic diagram showing a dry-
etching apparatus according to a third embodi-
ment of the present invention;

Fig. 5 is a schematic diagram showing a dry-
etching apparatus according to a fourth embodi-
ment of the present invention; and

Fig. 6 is a schematic diagram showing a dry-
etching apparatus similar to Figure 8 of EP-A-
0127188.

Fig. 1 schematically shows a dry-etching ap-
paratus according to a first embodiment of the
present invention. Reference numeral 11 denotes a
vacuum chamber (i.e., a reaction chamber) con-
stituting an etching chamber. A susceptor 13 hav-
ing a substrate 12 thereon is placed in the cham-
ber 11. A gas supply port 14 is formed at the
upper portion of the chamber 11 to supply a film
formation or source gas such as Si(CHz):. A gas
supply port 15 is also formed at the upper portion
of the chamber 11 to supply active species of a
reactive gas (i.e., an etching gas) such as CFs;. A
microwave discharge tube 16 is connected to the
port 15, and RF power is supplied from a power
supply 17 to the tube 16. The reaction gas sup-
plied to the tube 16 is excited therein to generate
chemically active gas radicals. These radicals are
supplied to the chamber 11 through the port 15.
When CF; is used as the reaction gas, fluorine gas
radicals are supplied to the chamber 11. A gas
exhaust port 18 is formed in the wall of the cham-
ber 11 to evacuate the chamber 11.

The reaction gas supplied to the chamber 11
through the port 15 is, preferably, sprayed as uni-
formly as possible above the substrate 11 and
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through an annular gas spray tube 19 surrounding
the substrate. This arrangement is also employed
in an arrangement (not shown) for the film forma-
tion gas.

A light source 21 is arranged above the cham-
ber 11. The light source 21 comprises a short-
wavelength light source such as a 308-nm XeCi{
laser or 193-nm ArF excimer laser. A ray 22 from
the light source 21 is guided into the chamber 11
through an ultraviolet ray transmission window 23,
and is vertically incident on the upper surface of
the substrate 12 on the susceptor 13.

Reference numerals 20 denote gas supply noz-
zles which surround the window 23. An inert gas is
sprayed from the nozzles 20 to the lower surface of
the window 23 so that a film will not be deposited
thereon.

A dry-etching method, by using the apparatus
desribed above, will be described hereinafter.

A 600 nm (6,000 5\) thick phosphorus-doped
poly-Si was used as an etching sample. As shown
in Fig. 2A, an SiO: film 32 was deposited on an Si
substrate 31 at a temperature of 20°C and to a
thickness of 100 nm (1,000 5\). A phosphorus-
doped poly-Si film 33, as the sample of interest,
was deposited on the film 32. A photoresist etching
mask 34 was formed on the film 33 to a thickness
of 1.0t0 1.5 um.

The substrate 12 having the structure de-
scribed above was placed on the susceptor 13 of
the etching apparatus of Fig. 1, and etching was
performed as follows. CF., as the reaction gas for
forming active species, and Si(CHz):, as the film
formation gas, were supplied to the chamber 11.
Light from the light source 21 was a 308-nm XeC1{
excimer laser. The chamber 11 was kept at a
vacuum of 65 Pa (0.5 Torr). The active species (F
radicals) of the CF4 gas, activated through the tube
16 (1 W/cm?3), and the Si(CHs)s, as the film forma-
tion gas (10% by volume of the total volume of the
gas), were supplied to the chamber 11. At the
same time, the ultraviolet ray 22 was also guided fo
the chamber 11. The fluorine radicals supplied to
the chamber were used to etch the film 33. Mean-
while, Si(CHz)s reacted with the fluorine radicals to
form a nonvolatile compound such as Si(CHs):F>.
This nonvolatile compound was deposited on the
surfaces of the film 33 and the mask 34. The film
deposited on the film 33 protected the film 33 from
the F radicals, and no etching was performed in
this portion. However, on a portion subjected to
ultraviolet radiation, etching progressed by a light-
assist effect (mainly thermal reaction evaporation or
photochemical reaction), as compared with the de-
position reaction, thereby performing vertical etch-
ing. As a result, anisotropic efching, free of an
undercut, was achieved at an efching rate of 200
nm/min (2,000 A/min).
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Referring to Fig. 2B, after the film 33, as the
sample of interest, is partially etched, the light is
shielded to stop etching. In this case, the deposi-
tion reaction progresses continuously, and Si(CHs)s
reacts with fluorine radicals to uniformly deposit a
film (deposition film) 35 of Si(CHs)2F> on the sur-
face of the substrate 12. A portion of the substrate
is again irradiated with the vertical light ray 22, the
deposition film on the irradiated surface is imme-
diately etched, and the film 33 is further etched, as
shown in Fig. 2C. The deposition rate on the sur-
face of the side wall which is not subjected to
ultraviolet radiation is higher than the efching rate,
so that the very thin deposition film 35 protects the
side wall, thereby performing anisotropic etching.
Since the deposition film (protection film) 35 on the
side wall surface is very thin, as shown in Figs. 2B
and 2C, the pattern precision will not be substan-
tially degraded.

According to this embodiment, without using
charged particles such as electrons and ions, the
film 33, as the sample of interest, can be selec-
tively etched upon radiation of the light. Further-
more, the competitive reaction of etching and film
formation is used so that anisotropic etching can
be performed. Micropatterning and a high packing
density of the semiconductor element can, there-
fore, be achieved. In this embodiment, fluorine
atom radicals obtained by activating CFs are used
as the active species of the reaction gas. However,
when oxygen or nitrogen is added to the reaction
gas, the side wall protection film can be an SiO, or
SigNs film. Such a film is stronger than the Si-
(CHs3)F: film and effectively prevents an undercut.

Fig. 3 schematically shows a dry-etching ap-
paratus according to a second embodiment of the
present invention. The same reference numerals in
Fig. 3 denote the same parts as in Fig. 1, and a
detailed description thereof will be omitted. In the
same manner as in the first embodiment, a sub-
strate 12 fixed on a susceptor 13 is placed in a
chamber 11. The film formation gas and the active
species of the reaction gas are supplied through a
common gas supply port 28. A window/lens 27 is
arranged at the upper portion of the chamber 11.

A ray 22 from a light source 21 is reflected by
a reflecting mirror 24 and passes through a lens 25
and a mask 26 having a pattern. The light passing
through the mask 26 is guided into the chamber 11
through the window/lens 27, and is focused on the
substrate 12. It should be noted that the mask 26
has a desired pattern 26b of a metal, such as Af,
which does not transmit light.

According to the second embodiment, a mask
pattern such as a photomask pattern is formed on
the substrate 12. The pattern of the mask 26 lo-
cated outside the chamber 11 is optically focused
to perform anisotropic etching on the irradiated
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surface, thereby forming the desired pattern. The
principle of anisotropy is the same as in the first
embodiment.

The material of the lens 25, the window/lens 27
and the mask substrate which can effectively trans-
mit the ray 22 can be properly selected from
molten quartz, high-purity alumina, lithium fluoride
and magnesium fluoride. In order to form a micro-
pattern used in a VLSI, a vacuum ultraviolet ray or
an X-ray having a short wavelength must be used.
In this case, the region for fransmitting light there-
through must be purged with N2, or the chamber
must be evacuated. When the pattern is transferred
by using light having such a short wavelength, a
large area cannot be simultaneously irradiated with
the light. In this embodiment, the susceptor 13 is
scanned along the X- and Y-axes so that step-and-
repeat etching for each chip is performed.

Fig. 4 schematically shows a dry-etching ap-
paratus according to a third embodiment of the
present invention. The same reference numerals in
Fig. 4 denote the same parts as in Fig. 1, and a
detailed description thereof will be omitted. The
third embodiment is substantially the same as the
first embodiment, except that a vacuum ultraviolet
ray is used as the light radiation means. The
means for supplying the film formation gas and the
active species of the reaction gas are the same as
those of the first embodiment.

A quartz discharge tube 41 is arranged to the
left of the vacuum tube 11. Electrodes 42a and 42b
oppose each other through the tube 41. An Ar gas
is supplied to the tube 41 through a gas supply
tube 43 and is exhausted through an exhaust port
44 so that the pressure in the interior of the tube
41 is kept constant. When 13.56-MHz RF power is
supplied across the electrodes 42a and 42b, Ar in
the tube 41 can be easily excited to generate a
high-energy beam having a wavelength of 100 nm.
A ray 22 is guided into the chamber 11 through a
tube 45. Apertures 46a and 46b are formed in the
tube 45. The tube 41 is evacuated through a tube
47 (differential evacuation) so that the gas in the
tube 41 will not be mixed with the gas in the
chamber 11.

In this embodiment, since the vacuum ulira-
violet ray 22 guided into the chamber 11 has a
short wave-length, a very thin pattern can be
formed. Furthermore, since the ray 22 has high
energy, an insulating film such as SiO; can be
effectively etched.

Fig. 5 schematically shows a dry-etching ap-
paratus according to a fourth embodiment of the
present invention. The same reference numerals in
Fig. 5 denote the same parts as in Fig. 1, and a
detailed description thereof will be omitted. The
fourth embodiment is substantially the same as the
first embodiment, except that the film formation
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gas, the active species of the reaction gas, and
light are all supplied via the same portion, as
opposed to being supplied via different portion, as
in the third embodiment.

A supply tube 51 having a slit 51a at its lower
portion extends through the upper wall of a vacuum
chamber 11. The film formation gas and the reac-
tion gas are supplied to the tube 51 through a gas
supply port 52. A ray 22 from a light source 21 is
guided into the tube 51 through a fransparent plate
53 and is incident on a substrate 12 through the slit
51a. The reaction gas and the film formation gas in
the tube 51 are activated and supplied in the
chamber 11.

In this embodiment, a mixture of the active
species of the reaction gas, excited by the ray 22,
and the film formation gas (active species of the
film formation gas) is sprayed on the substrate 12
by utilizing the pressure difference between the
nozzle 51a and the interior of the chamber 11. In
order to achieve the same anisotropy as in the first
embodiment, a side wall protection film is formed
to efch an irradiated surface. In addition, by utiliz-
ing the gas pressure difference to spray the gas
mixture, the anisotropic shape can also be im-
proved. The slit of the nozzle 51a has a width
greater than that of the substrate 12. The susceptor
13 is scanned along one direction (i.e. an X - Y
direction) to etch the entire surface of the substrate
12. In this case, the active species of the reaction
gas may, upon radiation of the light, be replaced
with other active species generated by microwave
discharge or the like to obtain the same effect. In
this case, a wavelength of the light source 21 can
be arbitrarily selected in accordance with the type
of sample to be etched.

Fig. 6 schematically shows a dry-etching ap-
paratus as shown in EP-A-0127188. The same ref-
erence numerals in Fig. 6 denote the same paris
as in Fig. 1, and a detailed description thereof will
be omitted. In this apparatus, the film formation gas
is supplied as an active species.

The vacuum chamber 11 and the susceptor 13
are made of stainless steel. The susceptor 13 can
be moved toward the lower surface of the drawing
by a drive mechanism (not shown) through a drive
shift 61. Cl2, as the reaction gas, is supplied to the
chamber 11 through a flow controller 62 and a
needle valve 63. The flow rate of Cl, is adjusted
so as, ultimately, to be 20 mf&/min. A laser, as the
light source 21, is fixed by a support member 64
on the upper wall of the chamber 11. A ray 22
having a rectangular section and emitted from the
light source 21 is vertically incident on the sub-
strate 12 through a light transmission window 23.

A microwave discharge mechanism 65 is fixed
on the surface of the left wall of the chamber 11.
The mechanism 65 comprises an alumina dis-
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charge tube 66 extending through the wall of the
chamber 11 and an annular electrode 67 which
surrounds the tube 66. A 13.56-MHz RF power
supply 68 is connected to the electrode 67. The
tube 66 is fixed by an insulating support member
69 to the chamber 11. CCL2F2, as the film forma-
tion gas, is supplied to the tube 66 through a
controller 71 and a valve 72, and the flow rate of
CC12F; is set so as, ultimately, to be 50 m{/min.
The pressure in the interior of the tube 66 is set to
be 133 Pa (1 Torr). For this reason, the tube 66 is
connected to a bypass exhaust tube 73 to adjust
the pressure of the interior of the tube 66. The
distal end of the tube 66 constitutes a nozzle 70.
Neutral radicals in the plasma, generated in the
tube 66, are sprayed from the nozzle 70. The ions
in the plasma disappear immediately and are
sprayed through the nozzle 70. The chamber 11 is
evacuated at a vacuum of 1,3 Pa (1072 Torr).
Therefore, a gas 74 having kinetic energy imparted
by the gas from the nozzle of the tube 66 con-
stitutes a jet beam parallel with the substrate 12.

In this apparatus, when a poly-Si film is used
as the etching sample, the poly-Si film is etched by
chlorine dissociated by the ray 22. CCf, and
C>Cls are attached to the surfaces of the side
walls of the etched poly-Si film and serve as pro-
tection films against etching. Therefore, anisotropic
etching can be achieved in the same manner as in
the first embodiment.

The present invention is not limited to the
particular embodiments described above. The
above embodiments exemplify etching. However,
the present invention can also be applied to film
formation. For example, in the apparatus of Fig. 1,
Si(CHz): + O2 may be used as the film formation
gas, and CC14 may be used as the reaction gas. In
this case, a film can be deposited on the substrate.
Light radiation heats the substrate and causes elec-
fronic excitation, thereby accelerating the deposi-
tion reaction on the irradiated surface. A film may
be selectively deposited on only the irradiated por-
tion.

Any reaction gas can be used when the gas
contains a halogen atom such as Cf or F and can
be activated by microwave discharge, glow dis-
charge, arc discharge, microwave discharge or
photoexcitation, or multiple lattice absorption to
generate active species. The film formation gas is
not limited to Si(CHsz)s, but can be selected from
organic metal compounds (e.g., organic silane
compounds, organic germanium compounds, or-
ganic aluminum compounds, organic phosphine
compounds, organic borane compounds and or-
ganic arsine compounds), or their halogen deriva-
tives; or from silanes, arsines or phosphines. The
light emitted on the substrate is not limited to the
excimer laser. Any light component can be used
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when the light has a wavelength sufficient to evap-
orate the deposition film and accelerate a reaction
between the deposition film and the active species
of the reaction gas. An X-ray can be used in place
of light. The sample to be etched must easily react
with the active species of the reaction gas, and can
be selected from a semiconductor material such as
silicon or germanium; a metal material such as
aluminum, tungsten or molybdenum; or an insulat-
ing material such as silicon oxide or silicon nitride.

Claims

1. A dry-efching apparatus, comprising:

a vacuum chamber (11) with a substrate
(12) for etching disposed therein;

means (15) for supplying an etching gas to
said vacuum chamber (11);

means (18) for evacuating said vacuum
chamber (11);

means (21) for irradiating light or an X-ray
substantially perpendicularly with respect o a
surface of a portion of the substrate (12) to be
etched;

means (14) for supplying a film formation
gas to said vacuum chamber; and

gas exciting means (16) for exciting the
etching gas in a chamber other than the cham-
ber (11) in which the substrate (12) is disposed
for etching, which is connected to said etching
gas supplying means;

said vacuum chamber (11) being provided
with a light or X-ray fransmission window (23),
and means (20) for spraying an inert gas onto
a surface of said window (23) facing to the
interior of said vacuum chamber (11).

2. An apparatus according to claim 1, wherein the
means (20) for spraying an inert gas surrounds
said window (23).

3. An apparatus according to claim 1, character-
ized in that said etching gas supply means
includes means (19) for uniformly spraying the
etching gas onto the substrate (12).

4. An apparatus according to claim 1, character-
ized in that said film formation gas supply
means includes means for uniformly spraying
the film formation gas onto the substrate.

5. An apparatus according to claim 1, character-
ized in that said etching gas exciting means
comprises light or radio-frequency exciting
means.

6. A dry-etching apparatus, comprising:
a vacuum chamber (11) with a substrate
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(12) for etching disposed therein;

means (15) for supplying an etching gas to
said vacuum chamber (11);

means (18) for evacuating said vacuum
chamber (11);

means (41, 42a, 42b) for irradiating light or
an X-ray substantially perpendicularly with re-
spect to a surface of a portion of the substrate
(12) to be etched;

means (14) for supplying a film formation
gas to said vacuum chamber; and

gas exciting means (16) for exciting the
etching gas in a chamber other than the cham-
ber (11) in which the substrate (11) is disposed
for etching, which is connected to said etching
gas supplying means;

said light or X-ray radiation means (41,
42a, 42b) being provided with means (47) for
differential evacuation so that gas in the radi-
ation means will not mix with gas in the vacu-
um chamber (11).

An apparatus according to claim 6, character-
ized in that said etching gas supply means
includes means (19) for uniformly spraying the
etching gas onto the substrate.

An apparatus according to claim 6, character-
ized in that said film formation gas supply
means includes means for uniformly spraying
the film formation gas onto the substrate.

An apparatus according to claim 6, further
comprising means for moving the substrate
disposed in said vacuum chamber in a direc-
tion perpendicular to the light or X-ray radiation
direction.

An apparatus according to claim 6, character-
ized in that said etching gas exciting means
comprises light or radio-frequency exciting
means.

A dry-etching apparatus, comprising:

a vacuum chamber (11) with a substrate
(12) for etching disposed therein;

means for supplying an etching gas to
said vacuum chamber (11);

means (18) for evacuating said vacuum
chamber (11);

means (21) for irradiating light or an X-ray
substantially perpendicularly with respect o a
surface of a portion of the substrate (12) to be
etched;

means for supplying a film formation gas
o said vacuum chamber; and

gas exciting means for exciting the etching
gas and/or the film formation gas in a chamber
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other than the chamber (11) in which the sub-
strate (12) is disposed for etching, which is
connected to at least one of said etching gas
supplying means and said film formation gas
supplying means;

said vacuum chamber (11) being provided
with a nozzle (51a) for commonly supplying
the light or X-ray, and the etching and film
formation gases to said vacuum chamber (11).

An apparatus according to claim 11, character-
ized in that said nozzle (51) has a slit (51a)
which has a width greater than the length of
the substrate (12).

An apparatus according to claim 11, further
comprising means for moving the substrate
disposed in said vacuum chamber in a direc-
tion perpendicular to the light or X-ray radiation
direction.

An apparatus according to claim 11, character-
ized in that said etching gas exciting means
comprises light or radio-frequency exciting
means.

An apparatus according to claim 11, character-
ized in that said film formation gas exciting
means comprises light or radio-frequency ex-
citing means.

Revendications

1.

Un appareil de gravure séche, comprenant:

une chambre 3 vide (11) avec un substrat
(12) & graver agencé dans cette chambre;

un moyen (15) pour amener un gaz de
gravure 2 ladite chambre 3 vide (11);

un moyen (18) pour évacuer ladite cham-
bre & vide (11);

un moyen (21) pour irradier & l'aide de
lumiére ou d'un rayon X de fagon pratique-
ment perpendiculaire par rapport & une surface
d'une partie du substrat (12) & graver;

un moyen (14) pour amener un gaz de
formation d'un film & ladite chambre 2 vide; et

un moyen d'excitation du gaz (16) pour
exciter le gaz de gravure dans une chambre
autre que la chambre (11) dans laquelle est
agencé le substrat (1) & graver, conneciée au
dit moyen amenant le gaz de gravure;

ladite chambre & vide (11) comportant une
fenétre de transmission de la lumiére ou du
rayon X (23) et un moyen (20) pour pulvériser
un gaz inerte sur une surface de ladite fenétre
(23) faisant face a l'intérieur de ladite chambre
a vide (11).
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Un appareil selon la revendication 1, dans le-
quel le moyen (20) permettant de pulvériser un
gaz inerte entoure ladite fenétre (23).

Un appareil selon la revendication 1, caractéri-
sé en ce que ledit moyen amenant le gaz de
gravure comprend un moyen (19) permettant
une pulvérisation uniforme du gaz de gravure
sur le substrat (12).

Un appareil selon la revendication 1, caractéri-
sé€ en ce que ledit moyen amenant ledit gaz de
formation d'un film comprend un moyen per-
mettant une pulvérisation uniforme du gaz de
formation d'un film sur le substrat.

Un appareil selon la revendication 1, caractéri-
sé en ce que ledit moyen d'excitation du gaz
de gravure comprend un moyen d'excitation
sous forme de lumiére ou de radiofréquences.

Un appareil de gravure séche, comprenant:

une chambre 3 vide (11) avec un substrat
(12) & graver agencé dans cette chambre;

un moyen (15) pour amener un gaz de
gravure 2 ladite chambre 3 vide (11);

un moyen (18) pour évacuer ladite cham-
bre & vide (11);

des moyens (41, 42a, 42b) pour irradier 2
l'aide de lumiére ou d'un rayon X de fagon
pratiquement perpendiculaire par rapport 3 une
surface d'une partie du substrat (12) 4 graver;

un moyen (14) pour amener un gaz de
formation d'un film & ladite chambre 2 vide; et

un moyen d'excitation du gaz (16) pour
exciter le gaz de gravure dans une chambre
autre que la chambre (11) dans laquelle est
agencé le substrat (11) pour la gravure,
connectée au dit moyen amenant le gaz de
gravure;

lesdits moyens de radiation de la lumiére
ou du rayon X (41, 42a, 42b) comportant un
moyen (47) pour I'évacuation différentielle, per-
mettant d'éviter un mélange du gaz dans le
moyen de radiation avec le gaz dans la cham-
bre & vide (11).

Un appareil selon la revendication 6, caractéri-
sé en ce que ledit gaz de gravure comprend
un moyen (19) permettant une pulvérisation
uniforme du gaz de gravure sur le substrat.

Un appareil selon la revendication 6, caractéri-
sé€ en ce que ledit moyen amenant le gaz pour
la formation d'un film comprend un moyen
permettant une pulvérisation uniforme du gaz
de formation d'un film sur le substrat.
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Un appareil selon la revendication 6, compre-
nant en ouire un moyen pour déplacer le subs-
trat agencé dans ladite chambre 2 vide dans
une direction perpendiculaire & la direction de
radiation de la lumiére ou du rayon X.

Un appareil selon la revendication 6, caractéri-
sé en ce que ledit moyen d'excitation du gaz
de gravure comprend un moyen d'excitation
sous forme de lumiére ou de radiofréquences.

Un appareil de gravure séche, comprenant:

une chambre 3 vide (11) avec un substrat
(12) & graver agencé dans cette chambre;

un moyen pour amener un gaz de gravure
A ladite chambre 2 vide (11);

un moyen (18) pour évacuer ladite cham-
bre & vide (11);

un moyen (21) pour irradier & l'aide de
lumiére ou d'un rayon X de fagon pratique-
ment perpendiculaire par rapport & une surface
d'une partie du substrat (12) & graver;

un moyen pour amener un gaz de forma-
tion d'un film & ladite chambre 2 vide; et

un moyen d'excitation du gaz pour exciter
le gaz de gravure et/ ou le gaz de formation
d'un film dans une chambre autre que la
chambre (11) dans laquelle est agencé le
substrat (12) 2 graver, connectée & au moins
un des dits moyens amenant le gaz de gravure
et des dits moyens fournissant le gaz de for-
mation d'un film;

ladite chambre & vide (11) comportant une
tuyére (51a) pour amener la lumiére et le
rayon X ensemble avec les gaz de gravure et
de formation d'un film 2 ladite chambre & vide

(11).

Un appareil selon la revendication 11, caracté-
risé en ce que ladite tuyére (51) comporte une
fente (51a) dont la largeur est plus grande que
la longueur du substrat (12).

Un appareil selon la revendication 11, compre-
nant en ouire un moyen pour déplacer le subs-
trat agencé dans ladite chambre 2 vide dans
une direction perpendiculaire & la direction de
radiation de la lumiére ou du rayon X.

Un appareil selon la revendication 11, caracté-
risé en ce que ledit moyen d'excitation du gaz
de gravure comprend un moyen d'excitation
sous forme de lumiére ou de radiofréquences.

Un appareil selon la revendication 11, caracté-
risé en ce que ledit moyen d'excitation du gaz
de formation d'un film comprend un moyen
d'excitation sous forme de lumiére ou de ra-
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diofréquences.

Patentanspriiche

1.

Trockendtzanordnung, umfassend:

eine Vakuumkammer (11) mit einem darin
angeordneten, zu dtzenden Substrat (12),

eine Einheit (15) zum Zuspeisen eines
Atzgases zur Vakuumkammer (11),

eine Einheit (18) zum Evakuieren der Va-
kuumkammer (11),

eine Einheit (21) zum Aufstrahlen von Licht
oder R&ntgenstrahlung praktisch senkrecht in
bezug auf eine Oberfliche eines zu dtzenden
Abschnitts des Substrats (12),

eine Einheit (14) zum Zuspeisen eines
Filmerzeugungsgases zur Vakuumkammer und

eine Gasanregungseinheit (16) zum Anre-
gen des Afzgases in einer von der Kammer
(11), in welcher das zu dtzende Substrat (12)
angeordnet ist, verschiedenen Kammer, die mit
der Atzgaszuspeiseeinheit verbunden ist,

wobei die Vakuumkammer (11) mit einem
Licht- oder R&ntgenstrahlungsdurchlaBfenster
(23) und einer Einheit (20) zum Aufspriihen
bzw. Aufblasen eines Inertgases auf eine dem
Inneren der Vakuumkammer (11) zugewandte
Fldche des Fensters (23) versehen ist.

Anordnung nach Anspruch 1, wobei die Einheit
(20) zum Aufspriihen bzw. Aufblasen eines
Inertgases das Fenster (23) umgibt oder um-
schlieft.

Anordnung nach Anspruch 1, dadurch gekenn-
zeichnet, daB die Atzgaszuspeiseeinheit eine
Einheit (19) zum gleichmiBigen Aufspriihen
bzw. Aufblasen des Atzgases auf das Substrat
(12) aufweist.

Anordnung nach Anspruch 1, dadurch gekenn-
zeichnet, daB die Filmerzeugungsgaszuspei-
seeinheit eine Einheit zum gleichmaBigen Auf-
sprihen bzw. Aufblasen des Filmerzeugungs-
gases auf das Substrat aufweist.

Anordnung nach Anspruch 1, dadurch gekenn-
zeichnet, daB die Atzgasanregungseinheit eine
Licht- oder Hochfrequenz-Anregungseinheit
umfaft.

Trockendtzanordnung, umfassend:

eine Vakuumkammer (11) mit einem darin
angeordneten, zu dtzenden Substrat (12),

eine Einheit (15) zum Zuspeisen eines
Atzgases zur Vakuumkammer (11),

eine Einheit (18) zum Evakuieren der Va-
kuumkammer (11),
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eine Einheit (41, 42a, 42b) zum Aufstrahlen
von Licht oder Rdntgenstrahlung senkrecht in
bezug auf eine Oberfliche eines zu dtzenden
Abschnitts des Substrats (12),

eine Einheit (14) zum Zuspeisen eines
Filmerzeugungsgases zur Vakuumkammer und

eine Gasanregungseinheit (16) zum Anre-
gen des Afzgases in einer von der Kammer
(11), in welcher das zu dtzende Substrat (12)
angeordnet ist, verschiedenen Kammer, die mit
der Atzgaszuspeiseeinheit verbunden ist,

wobei die Licht- oder Rd&ntgenstrahlung-
Aufstrahleinheit (41, 42a, 42b) mit einer Einheit
(47) fur differentielle Evakuierung versehen ist,
so daB sich das Gas in der Aufstrahleinheit
nicht mit dem Gas in der Vakuumkammer (11)
vermischt.

Anordnung nach Anspruch 6, dadurch gekenn-
zeichnet, daB die Atzgaszuspeiseeinheit eine
Einheit (19) zum gleichmiBigen Aufspriihen
bzw. Aufblasen des Atzgases auf das Substrat
aufweist.

Anordnung nach Anspruch 6, dadurch gekenn-
zeichnet, daB die Filmerzeugungsgaszuspei-
seeinheit eine Einheit zum gleichmaBigen Auf-
sprihen bzw. Aufblasen des Filmerzeugungs-
gases auf das Substrat aufweist.

Anordnung nach Anspruch 6, gekennzeichnet
durch eine Einheit zum Bewegen oder Ver-
schieben des in der Vakuumkammer angeord-
neten Substrats in einer Richtung senkrecht
zur Licht- oder R&ntgenstrahlung-Aufstrahlirich-
tung.

Anordnung nach Anspruch 6, dadurch gekenn-
zeichnet, daB die Atzgasanregungseinheit eine
Licht- oder Hochfrequenz-Anregungseinheit
umfaft.

Trockendtzanordnung, umfassend:

eine Vakuumkammer (11) mit einem darin
angeordneten, zu dtzenden Substrat (12),

eine Einheit zum Zuspeisen eines Atzga-
ses zur Vakuumkammer (11),

eine Einheit (18) zum Evakuieren der Va-
kuumkammer (11),

eine Einheit (21) zum Aufstrahlen von Licht
oder R&ntgenstrahlung praktisch senkrecht in
bezug auf eine Oberfliche eines zu dtzenden
Abschnitts des Substrats (12),

eine Einheit zum Zuspeisen eines Filmer-
zeugungsgases zur Vakuumkammer und

eine Gasanregungseinheit zum Anregen
des Atzgases und/oder des Filmerzeugungsga-
ses in einer von der Kammer (11), in welcher
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das zu &tzende Substrat (12) angeordnet ist,
verschiedenen Kammer, die mit zumindest der
Atzgaszuspeiseeinheit und/oder der Filmerzeu-
gungsgaszuspeiseeinheit verbunden ist,

wobei die Vakuumkammer (11) mit einer
Dise (51a) zum gemeinsamen zulassen des
Lichts oder der R&ntgenstrahlung sowie der
Atz- und Filmerzeugungsgase zur Vakuum-
kammer (11) versehen ist.

Anordnung nach Anspruch 11, dadurch ge-
kennzeichnet, daB die Diise (51) einen Schlitz
(51a) aufweist, der eine die Ldnge des Sub-
strats (12) Ubersteigende Breite aufweist.

Anordnung nach Anspruch 11, gekennzeichnet
durch eine Einheit zum Bewegen oder Ver-
schieben des in der Vakuumkammer angeord-
neten Substrats in einer Richtung senkrecht
zur Licht- oder R&ntgenstrahlung-Aufstrahlirich-
tung.

Anordnung nach Anspruch 11, dadurch ge-
kennzeichnet, daB die Atzgasanregungseinheit
eine Licht- oder Hochfrequenz-Anregungsein-
heit umfaft.

Anordnung nach Anspruch 11, dadurch ge-
kennzeichnet, daB die Filmerzeugungsgas-An-
regungseinheit eine Licht- oder Hochfrequenz-
Anregungseinheit umfaBt.

10

15

20

25

30

35

40

45

50

55

10

18



EP 0 175 561 B1

i

FIG.

CFgq

A5
AN

1

L L L L L0700 070707707007

18

22

//

21
§

0
L

AL
ﬁlﬂ
| 20
]
/__,12
]

Si(CHz)4

lpﬁ)ﬁ).;.{.
E%jf{ﬂ
20 J[ i
23 :_- ; '.-'...' .
1

14~

<

AN

-
1o —
T 7777777777777/

11



EP 0 175 561 B1

34
(

FIG 2A 5

32
34
34

RER IJ l l ~22

S

FIG 2B \/
TS \\\\\\\\\\ -
~32
39

i

FI1G. 2C

12



EP 0 175 561 B1

FIG 3
21 24
{ 22 S
{ o .
25
26 ¢
260~ '
26bj \ / *(5 i
ANIAN \xg_kz\\\\
[\ 2
\ = 3
\ X=—=Y \

13



420

EP 0 175 561 B1

FIG 4

16
§

Ill

15

47

14

14~
N
N
x N
|
|
Y N
N
N
T
|
N

V18




EP 0 175 561 B1

FIG S

~2 1

’
,
7
ﬁ
%

514 :

4
11

I

%
1]
%
%
2

22

o
N

ANANANANANRND/

4

¢
A

o)

[

ol L L L L L L L L

\\\\\

15

NN

~1 1

'

I8



EP 0 175 561 B1

FIG 6

i
cl2
— ]
63 21
& N
15 ~ Y= S T
\\ L7 ‘;./.’Q\/!E {2? <
cclaF, N IR N
‘ \ o2 \
0 \ f \
N \
71“- N ' - N
73 § ' N i
N
N\ . £ N
67/ r S0 {v N
Q 13 N
68’ N
/ )} \

16

-7 7 7| 77
ww



	bibliography
	description
	claims
	drawings

